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 River Terraces and Gentle Slopes along the Tokoro River 
    Geomorphological Study in Northeastern  Hokkaidii (2) 
                       Tatsuo  WAKO 
    I. Preface 
• 
   The author has studied the topography along the Tokoro River following the 
study of the area along the Shokotsu River, the result of which was reported in 
September,  1961.1) 
   This area is situated in the southern part of the  Kitami Range with its foreland, 
and is crossed by the Chishima volcanic zone to the south of this area. To the 
west, there are the Daisetsu volcanic mountains where the Tokoro has its source, and 
to the south there are depression calderas such as Akan, Kucharo, and  Mashil. 
Under such a geological situation this  area is complex in its geology and topo-
graphy as a part of the Kitami Range which, as a whole, has been stable compared 
with the other areas of  japan throughout he Quaternary period. 
   II. General Description of the Topography and Geology along the 
Tokoro River 
   The Tokoro River has its source at the Daisetsu volcanic mountains and 
runs down the mountainous part in its upper valley, where the geology is chiefly 
of volcanic origin and of the pre-Cretaceous Hidaka group. Then it enters the 
Kitami Basin, to which the author focuses his description in this paper. The 
basin is triangle-shaped, and is about 25 m above the sea-level at its lowest part, 
and composed of Neogene Tertiary sediments uch as  tuffaceous and stone, sandy 
shale along the margin of the basin as well as in the triangle-shaped hill in the 
center of the basin. 
   In the outer side of the margin of the basin, the geology is chiefly composed 
of the Hidaka group which consists of slate, limestone, red chart,  shalstein, and 
basalt. 
   A little upstream of the lower end of the basin, to the south of the center of 
 1) Tatsuo  Wake. (1961) : River Terraces and Gentle Slopes along the Shokotsu River, 
         Northeastern  HokkaidO. Sci. Rep.  Tethoku Univ. 7th ser. (Geogr.), No. 10,pp. 
         39-49 
     The author's contribution "Gentle Slopes of Erosional Origin in the Valleys of Nor-
         theastern  HokkaidO" to the "Quarternary Research" is now in printing.The
         content is revised by the author's ubsequent field study.
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Kitami City, the Tokoro receives a large tributary, the Muka, and then runs into a 
gorge 10 km in length, with its end at 10 km upstream from the mouth to the Sea 
of Okhotsk. The geology of the gorge is of the Hidaka group. 
   Roughly speaking, the east scarp of the lower course of the Tokoro is straight 
and there is no terrace topography. Probably the east scarp relates to faulting, 
even if it is modified by the lateral corrasion of the Tokoro and other processes. 
In fact in the bed rock which constitutes the hill bounded its west side with this 
straight scarp many  faults exist, though the age of their occurence is  roughly 
known as during or post-Tertiary  period." There are many fissures in the bed 
rock of the east scarp near Loc. 4 in Fig. 1, and most of them have  N20E strikes 
and almost vertical dips. The author thinks that this fissured part is a sheared 
zone of a fault. The strikes of fissure planes accord with the direction of the scarp. 
To the east of the hill, there are Lake Notoro and Lake Abashiri. On the contrary, 
to the west of the Tokoro near its mouth, a plain and a hill develop and further 
west there is a large lagoon, Lake Saroma (Fig.  1). 
    III. Description of Terraces 
   The author has classified the terraces into six, and named them Terraces I, 
II, III, IV,  V, and VI respectively (Figs. 1 & 2). 
   The  calssification is based on the relative heights of terrace surfaces and those 
of the basements of terrace deposits, as well as the nature of terrace deposits and 
the continuity of terrace surfaces. Terrace II is characteristic in the facies and 
components of deposits, and this is convenient o the correlation between the 
inland terraces and the coastal ones. 
   For the convenience of explanation the author describes Terrace II first. 
(1) Terrace II in the coastal area 
   Terrace II in the coastal area is a undulating hill ranging from 20 m to 35 m 
above the sea-level. The material underlying the terrace surface are composed of 
lenticular (cross-bedded) pumice  tuff, tuffaceous and, silt and clay, and gravel 
beds. The last-named consists of gravels with diameters from 1 cm to 3 cm and 
with limonite coating. The rest are dacitic or of daitic-tuff origin. 
   The deposit is so thick that the basement of this terrace deposit can not be 
observed, except as an inlier in the east scarp. Such is as to the main part of the 
terrace, except the part near the back margin of the terrace. In the part over 
35 m above the sea-level, the basement appears a few meters below the surface. 
The part is covered with debris which appearently originated  from the rear moun-
tain composed of the pre-Cretaceous Hidaka group. Under such condition the 
 2) Geological Survey of  HokkaidO (1958)  : Geological Map of  HokkaidO  1:200,000
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author could not mark accurately the strand-line at the time of the transgression 
which formed the deposits of Terrace II. Probably the original surface covered 
with the debris, as well as the debris itself, were formed or deposited at the same 
time as the formation of Terrace II. Therefore this detrital slope is shown in Fig. 
 1 with the same symbol as Terrace II, with the contour line of 35 m above the 
sea-level. 
   The terrace patch at the right bank of the mouth of the Tokoro is regarded 
as Terrace II from its correspondence in height of the terrace surface. Here the 
basement of the deposit is higher than that of the terrace to the west. The eastern 
(right bank) terrace is closer to the mountainous part, and apparently this is why 
the basement is higher. The western one may have been in the middle of a bay 
at that time, hence the deposit is thicker and the basement appears only as an 
inlier. In addition to such a reason, it may be attributed to the tectonic move-
ment that caused the right bank to be straight. 
   It is characteristic that sticky clayey soil develops on the surface of this 
terrace. This is same as in the case of Terrace I at the coastal area of the Shokotsu 
River. Such sticky soil is named  ritnendo in Japan, it means "heavy clayey soil". 
The development of  JIlnendo not only hinders the seepage of rainwater and causes 
soil erosion, but also causes many edaphologically bad conditions for agriculture. 
The age and process of the development and subsequent change of this clay is 
a problem of pedological or geological interest. 
   (2) Terrace II in the inland area 
   In the gorge jointing the coastal area and the Kitami Basin, there are many 
patches of surfaces which are correlated with Terrace II from the deposits and 
the heights of the surfaces and of the basements. In the Kitami Basin the original 
form of Terrace II is not preserved well, influenced by the development of the 
gentle slope of erosional origin at the time of the formation of Terrace III. The 
development of the gentle slope will be stated later. 
   The heights of the terrace  surface, and the deposits themselves are 
practically same as those in the coastal area. In some localities the basement 
does not appear along the scarp, and the scarp is entirely composed of the 
deposit. The typical parts of such structure are from north to  northwest of 
the center of Kitami City and the hilly part to the southwest. At the terrace 
scarp Loc. 15 the bed rock of Tertiary sediments appears, and at Loc. 16 the 
depth of the bed rock is confirmed by the boring for groundwater by the
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Geological Survey of  Hokkaido.31 At the west side and the bottom of the small 
valley situated about 500 m east of Loc. 15 the bed rock appears, while at the east 
side of it and to the further east the bed rock does not appear, and only pumice 
 tuff and tuffaceous and appear as the terrace deposit at the terrace scarp or along 
the sides of small valleys. Here may be a fault. 
   At the north and the northeast of the cnter of Kitami City, there is a sudden 
discontinuity of geology. At Loc. 8 pumice tuff with abund-ant chips of charcoal in 
its middle horizon unconformably overlies Tertiary sedimentary rock, while the 
scarp extending approximately from north to south does not show the bed rock 
except in the vicinity of Loc. 8. At the opposite side of Loc. 8 of the basin, 
there appear the deposit and the bed rock of Terrace II. Geological  reports 
hitherto explain as  follows  : 
The deposition of pumice  tuff and such material as sand of pyro-clastic origin 
was of pumice-flow type, the source of which was the Akan-Kucharo volcanic group. 
A step-fault occurred after this deposition, and the depressed area caused by this 
faulting is the present lower part of the basin. (Though their description on this 
point is not clear.) After this, it is said that a peneplanation proceeded and the 
uneven surface of pyro-clastic material was smoothed. 
   The present author agrees with some of these opinions, and thinks as follows  : 
the distribution of pumice  tuff shows that the sources are two, one is the Akan-
Kucharo volcanic group and another is the Daisetsu volcanic groups. The order 
of depositions of those two are hard to determine because no direct contact of two 
has been confirmed. However, he is inclined to think that these depositions took 
place at the same time. The faulting may have been simultaneous with the deposi-
tion of pumice tuff, because there are no sheared part in the formation of pumice  tuff. 
Prior to the deposition of pumice  tuff there were valleys with gravel and sand lying 
in their beds, as geological columuns (Locs. 10, 16) show, although river courses 
at that time can not be determined with data available to the author. Valley-sides 
are covered unconformably with the pumice flow (Loc. 8). The pumice flow 
avalanched through the gorge and settled secondarily in the coast, to make the 
 3) E. Kawata, T. Obara and Y. Uchida (1958) : Underground Water in the Kunnepu 
         Terraces (in Japancese). Report of Geological Survey of  HokkaidO, No. 19, pp.1-6 
     E. Kawata  (1959)  : General News on the Underground Water in the site 
        of the Kitami Branch of the Agricultural Experimental Farm of Hokkaido, 
 Kunnepu Machi (in Japanese). ditto. No. 22, p. 10 
     Village Office of Kunnepu (1958-1961) : General data about Underground 
         Water.  (M.S.) 
 4) Reiichiro  Iwai (1946) : The Geology of Ainonai Village and its Vicinity.  (M.S. in 
         Japanese, Inst. Geol. & Mineral.,  HokkaidO Univ.) 
     Haruo Kosaka  (1946)  : The Geology of KitamiCity and its  Vicinity. ditto.
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deposits of Terrace  II at the coastal area. As to the deposit of gravel and sand, and 
its basement, the author will discuss in a following paragraph. 
   (3) Terrace I in the inland area 
   This is higher than Terrace II in the Kitami Basin, the highest one which the 
author could find, and is probably the oldest. The surface of Terrace I is largely 
dissected, so the surface survives only as scattered remnants. The heights of 
each remnant range from 35 m to 50 m above the present stream level. Seeing 
from the structure, Terrace  I has only a veneer of terrace deposit. 
   (4) Terrace III in the inland area 
   The height of the terrace surface ranges from 15 m to 30 m and the basement of 
terrace deposit ranges from 10 m to 22 m above the present stream level 
respectively. However, the shape of the basement of terrace deposit is concave 
at the section across the valley axis. Then the heights can only mean those of 
outcrops howing the structure. Generally speaking, the surface of Terrace III is 
lower than that of Terrace II, and the basement of deposit of Terrace III is slightly 
lower than that of Terrace  H. The author thinks that this terrace develops only 
in the inland area. On this problem a discussion will be made in a later paragrph. 
   (5) Terrace IV 
   The surface of this terrace is distinctly lower than that of Terrace III, and is 
a little higher than that of Terrace V. The identification is based on the degree of 
cementation and decomposition of deposit as well as the height of the surface. 
Gravel and sand in this terrace deposit are coated and cemented with limonit and 
are slightly decomposed. Such character of deposit differs from those of deposits 
of the lower terraces. In some places, especially in the tributary valleys formed 
in the areas where pumice tuff and Tertiary  tuffaceous sedimentary rocks 
develop, terrace deposit of Terrace IV is chiefly composed of tuffaceous clay and 
clayey sand. 
    Some of terrace patches with clayey deposit are identified with Terrace IV. In 
those cases there are terrace scarps separating them from the lower ones. Some-
times, terrace patches belonging to Terrace IV judged from the heights of their 
surface are deficient of distinct terrace scarps. In Fig. 1 the author expressed them 
as Terrace IV without confirmative vidences for identification. Many possibilities 
may be considered for the formation of such feature. For example creeping of 
material after the formations of Terrace IV and the lower terraces, might have 
 obliterated or covered the scarps between those terraces. 
    In the coastal area the patches which belong to Terrace IV develop fragmen-
tarily as levels lower than Terrace II and higher than Terrace  VT. The reason of 
such identification may be clear from the description about Terraces V and VI
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stated at a latter paragraph. Terrace V does not develop as a surface feature in 
the coastal area. 
   (6) Terrace V and Terrace VI 
   Terrace V develops extensively along the course of the Tokoro River in the 
inland area. This terrace extends  downvalley through the gorge above-mentioned 
and merge under Terrace VI at the end of the gorge. This is an intersecting 
point of Terrace V and Terrace VI. The bed rock underlying the terrace deposit 
of Terrace V is seen along the channel of the river upvalley from the intersecting 
point, while downvalley from the intersecting point the bed rock is observable only 
where the stream has cut bluffs against he mountainous or hilly parts. Terrace 
VI forms a coastal plain in the coastal area, and has sand dunes along the coast 
where a village named Tokoro is situated. Upvalley from the intersecting point 
Terrace VI develops fragmentarily along the course of the river, as a level lower 
than Terrace V and higher than the present flood plain. Terrace deposit of both 
Terrace V and Terrace  VI are chiefly composed of fresh gravel and sand. According 
to the result of a boring to search groundwater at the west coast of Lake 
Saroma, the thickness of the loose sediments like gravel, sand, clay and peat exceeds 
33.9 m without reaching to the bed rock. Further west, near the mouth of the 
 Yfibetsu River, another boring for the same purpose shows that the basement of 
such loose sediments is at about 100 m below the present sea-level. So, near the 
coast the basement of the recent deposits is expected to be relatively deep except 
where the stream has cut laterally against he mountainous or hilly parts. Of 
course, the existance of the bed rock as an inlier in the deposit of Terrace II at 
the coastal area suggests that the basement of the loose sediments i  probably 
not so deep as in the cases of the Shokotsu  River') and the  Yfibestsu River. 
Generally speaking, the relation between Terrace V and Terrace VI is same as 
that between Terrace IV and Terrace V of the Shokotsu River. 
   IV. Description of Gentle Slopes 
   As above-mentioned, a gentle slope develops hehind Terrace II at the coastal 
area and some slope-shaped terrace patches belonging to Terrace IV develop in 
the tributary valleys in the inland area. In addition to those, three-storied gentle 
slopes develop in the inland area. The author named them Gentle Slope I, II, 
and III respectively. The classification of those gentle slopes is based on the 
relative heights of their surfaces and on the relations to terraces. 
   Besides those gentle slopes, there develop upland surfaces of low relief which 
may be called peneplains. In this report, however, the author is not going to 
discuss on such upland surfaces.
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(1) Gentle Slop 
   This is the highest gentle slope in the inland area (Fig. 2). Generally speaking, 
this gentle slope develops on the east side of mountainous part at the south of the 
upstream area of the Tokoro River, in front of mountainous part in the rest of 
Kitami Basin (Fig. 1). The longitudinal profile of the surface is concave ranging 
from almost level to several degrees in the main part of the surface. Seen from the 
structure, the deposit underlying the surface of this gentle slope is very thin and 
sometimes the bed rock lies almost directly  under the surface. For exmaple, a 
outcrop at Loc. 22 consists of black surface soil and light brown sand with breccia 
of andesite about  1 m in total thickness, and the latter graduates into the brecciated 
horizon of the bed rock of andesite. The becciated horizon consists of platy 
breccia with diameters from 20 cm to 40 cm in their major axises, and graduates 
into the bed rock. At Loc. 21 the bed rock is Tertiary sediments, and the deposit 
overlying the bedrock surface is loamy sand with breccia of andesite. The deposit 
is about 60 cm thick (Photo. 1). 
   In the whole the basement of deposit is parallel to the  surface.3) From the 
structure this gentle slope may be of erosional origin. 
   At some localities the surface is divided intotwo. For example, to the west of 
Loc. 25 there is a slope steeper than the main part of the gentle slope which is shown 
in Photo. 2. The slope gradually disappears to the south. 
   Though the surface is dissected by deep or shallow ravines (Photo. 2), here is 
enough level ground for agricultural use between deep ravines, and has been 
cultivated after the World War  H. 
   Two obstacles for agriculture are rooted in the structure of this gentle slope, as 
well as climatic problem such as  low temperature and wind erosion. The structural 
one is the existence of boulders exposed on the surface. Near Loc. 25 boulders of 
andesite with diameters from 1.5 m to 10 cm are scattered on the surface making 
obstacles for ploughing. Another is the shortage of water. The gentle slope may 
be developed with shaving of the bed rock surface composed of andesite or Tertiary 
sedimentary rocks covered by a thin deposit. The deposit is unable to retain 
enough water for farmers' daily use, and it is not sufficient even in the shallow 
ravines. The village of Kunneppu includes the areas involved geomorphologically 
the gentle slope as well as the lower gentle slopes and terraces. The village office 
has been looking for the water bodies in the bed rock by means of boring and electric 
prospection under the aid of the Geological Survey of  HokkaidO at first, and later 
the village office purchased a boring machine, which is an unusual case in Japan. 
And this is why the data showing the structure of the gentle slopes are abundant 
about this area. By the way, the village office is now planning to gather farmers'
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houses to several junctions of roads to make farmers easily accessible to the wells 
bored with the machine, as well as to the transportation of agricultural products, 
above all of milk. 
   (2) Gentle Slope II 
    This is a gentle slope lower than Gentle Slope I. The surface feature and the 
structure of this gentle slope are like those of Gentle Slope I. At some localities 
the surface is subdivided into two (Fig. 2), the origin is not accurately known by 
the data available to the author. However, it is expected that the polygenetic 
development of a gentle slope as well as may cause such feature. 
   At a few localities this gentle slope is located behind Terrace I. The rela-
tion between the gentle slope and the terrace is same as the case of Terrace II and 
Gentle Slope along the Sokotsu River. The author thinks that the formation of 
this gentle slope is simultaneous with that of Terrace I. 
   At the hill to the east of the center of Kitami City, pumice  tuff covers un-
conformably the surface of the bedrock which belongs to Gentle Slope II. A few 
outcrops how that a very thin gravel bed exists at the boundary between pumice 
 tuff and the bed rock. Seen from various data, the gravel bed is the deposit of 
Terrace I which develops in front of Gentle Slope  II. From such geological sequence 
a natural conclusion is that the thin gravel bed is just the gravel bed which underlies 
pumice  tuff stated in its relation with Terrace II in the Kitami Basin (Fig. 2). 
   The author deduces that during the time of the formation of Terrace I and 
Gentle Slope II, a tectonic movement ook place in the Kitami Basin, and a 
pumice flow flowed into the depressed area and covered a part of the surfaces of 
Terrace I and Gentle Slope II. As to the terraces, the topographic and geologic 
features of Terrace I and Terrace II differ each other, however, the formation of 
Terrace I and Gentle Slope  II is contemporaneous with that of Terrace II. 
Strictly speaking, of course, the time of deposition of pumice  tuff underlying the 
surface of Terrace II is a little later than that of the gravel deposit of Terrace I. 
   From such a view-point, a plane of unconformity with a brecciated part which 
lies between pumice  tuft and Tertiary sedimentary rock (Loc. 7) may be dislocated 
Gentle Slope II, and the existence of Gentle Slope II might have helped the 
flow of pumice. 
(3) Gentle Slope III. 
   This is a gentle slope lower than Gentle Slope II, and is found at some localities 
behind Terrace III. 
   Like Gentle Slope II and Terrace I, the author thinks that the formation of 
Gentle Slope  III is simultaneous with that of Terrace III. The surface feature is 
like those of Gentle Slopes I and II, except he grade of dissection. However, this
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Gentle Slope III cuts pumice  tuff of Terrace II as well as Tertiary sedimentary 
rock, hence the surface condition differs from those of Gentle Slopes I and II. 
   In this region, pumice  tuff seems more resistant against corrasion of streams 
than against creeping. It is hard to show the accurate distribution of Gentle 
Slope III in the area of pumice  tuff because the topographic boundaries are some-
times obscure. Probably some of gentle slopes such as the hilly part to the south-
west of the ceater of Kitami City were originally formed as Gentle Slope  III, 
and were greatly modified by the subsequent creeping. In Fig. I, the author 
indicated such parts as Gentle Slope III.
   V. Summary 
   The author plans to  continue his reports on the topography along the  Yilbetsu 
River and on the coastal topography along the Sea of Okhotsk as a  geomorphological 
study in northeastern  HokkaidO. Here is his summary of the results of his 
observation along the  Tokoro River. 
   (1) In this area terracesare classified into six, namely, Terraces I, II, III, 
 IV, V and VI. 
   (2) In theinland area the deposits of Terrace II are composed of a gravel bed 
at the lower part and a bed of pumice  tuff and  pumiceous material at the upper 
part. The deposition of the gravel and the formation of its basement may be 
simultaneous with those of Terrace I. In the coastal area the basement can not 
be observed at outcrops except in a form of inlier, while in the inland area the 
basement can  be observed everywhere xcepting the area depressed by a tectonic 
movement. Terrace I can  be seen at a part of the inland area. 
   (3) Terrace III develops only in the inland area, it seems to merge under the 
lower terraces. Terrace IV develops in the inland area as well as in the coastal 
area. Terrace V develops in the inland area and extends downvalley through the 
gorge, and is replaced by Terrace VI in the coastal area. 
   (4) Two coastal terraces higher than Terrace II situated near the right 
bank of the mouth of the Tokoro are not discussed. As regard this two coastal 
teraces the author will discuss in his next report as a problem of the coastal to-
pography along the Sea of Okhotsk. 
   (5)  In the inland area three-storied gentle slopes develop, namely, Gentle 
Slopes I, II and III. It is confirmed that the formations of Gentle Slopes II and 
III were simultaneous with those of Terraces I and III respectively. They may 
be of erosional origin, though the author does not discuss the processes of their 
formation. 
   (6) The period of the formation of Terrace I and Gentle Slope II is a time of
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disturbance, namely, a tectonic movement ook place and pumice flow forced 
into the Kitami Basin, covering a part of Gentle Slope II as well as a part of Terrace 
I. The pumice flow deposit avalanched secondarily through the gorge and was 
deposited on the coast mixed with other sediments. Those are the deposits now 
forming Terrace II in the coastal area. 
   (7) The author thinks that before discussing on the processes concerning the 
formations of such gentle slopes the chronological approach to the problems of 
slope development may be more useful and effective at the present state of 
geomorphology. In this connection the author thinks that the terrace deposit of 
Terrace II in the coastal area may accord with the Shimosueyoshi  (Riss-Wtirm 
interglacial) formation which develops in the Kanto district. The deposition of 
Terrace IV of the  Yfibetsu River which is correlated with that of Terrace IV of 
the Tokoro is dated  15,820±400 BP with C14 method. 
   Finally, the author confesses his sincere thanks to Mr. Kiyoshi Hasegawa nd 
Mr. Moriaki Konoya, research geologists of the Geological Survey of  HokkaidO, 
for their supply of lithological data, and to Dr. Jiro Ishii, Dr. Yoshio Kitagawa, 
and Dr. Yoshio Katsui, former and present staff of the Institute of Geology and 
Mineralogy of the  HokkaidO University, for their advices and encouragement. 
He also desires to express his gratitude to Mr. Shigeru Matsunaga of the village 
office of Kunneppu Machi, for his supply of valuable data.
